An unprecedented silver-centered P-tetracapped [Ag@Ag 4 (µ 3 -P) 4 ] tetrahedron inscribed within a N 12 icosahedral cage has been discovered in the novel family of luminescent clusters. The latter are easily self-assembled by reacting Ag I salts with tris(2-pyridyl)phosphine (Py 3 P).
] n has been designed. Also, it is pertinent to note that silver(I) complexes with pyridylphosphines are prospective antitumour agents.
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Herein, we report on a new family of luminescent Ag(I) clusters with an unprecedented core structure, which can be viewed as a silver-centered phosphorus-tetracapped tetrahedron [Ag@Ag 4 (µ 3 -P) 4 ], inscribed within a N 12 icosahedral cage. These clusters have been readily self-assembled by reacting silver(I) salts with tris(2-pyridyl)phosphine under mild conditions. The photophysical and electrochemical properties as well as the electronic structure of the novel complexes have also been investigated.
We have discovered that tris(2-pyridyl)phosphine easily reacts with AgOTf in a 4 : 5 molar ratio (room temperature, CH 2 Cl 2 /MeCN, 1 h) to afford the unprecedented cluster [Ag@Ag 4 (Py 3 P) 4 (OTf ) 4 ](OTf ) (1) in 84% yield (the synthetic details are in the ESI †). It is noteworthy that the variation of the reactant molar ratio (e.g. Ag/L = 1 : 1, 2 : 1, 1 : 2 or 2 : 3) does not lead to the formation of other clusters apart from 1. X-Ray diffraction (XRD) analysis reveals that this compound crystallizes from acetone solution as the 1·4Me 2 CO solvate. The [Ag@Ag 4 (Py 3 P) 4 (OTf ) 4 ] + cation of the latter (Fig. 1a ) contains a structurally remarkable [Ag@Ag 4 (µ 3 -P) 4 ] skeleton which is best described as a C 3 -symmerical Ag-centered Ag 4 tetrahedron (τ 4 = 0.954 (ref. 14)) whose each triangular face is capped by a phosphorus atom (µ 3 -P) of the Py 3 P ligands (Fig. 1b) Ag vertex distances are quite short ranging from 3.0917(7) to 3.1638(6) Å {cf. with twice the van der Waals radius of Ag, 3.4 Å}. Meanwhile, the Ag-Ag distances along the edges of the Ag 4 tetrahedron are too long [5.0031(7)-5.2553(7) Å] for any argentophilic interactions. Thus, each Py 3 P ligand binds the central metal (via the P atom) and the three adjacent Ag vertex ions (via pyridine N donors), exhibiting a P,N,N′,N″-coordination pattern. The [Ag@Ag 4 (Py 3 P) 4 ] core of 1 is chiral due to a propellerlike arrangement of the pyridine cycles around four vertex silver atoms. Interestingly enough, exclusively ΔΔΔΔ-and ΛΛΛΛ-helical isomers are found in the packing of 1 (Fig. S1 †) , i.e. the Ag vertex atoms in each stereoisomer have an identical configuration.
Encouraged by the first result, we next have examined whether the disclosed approach could be used for the assembly of similar aggregates from other silver(I) salts. The crystals of [Ag@Ag 4 (Py 3 P) 4 (MeCN)](PF 6 ) 5 (3·MeCN) have been obtained by diffusion of diethyl ether into an MeCN solution of 3. XRD analysis revealed (Fig. 2b) (Fig. 3) , the core of which is comparable to that of 1-3 (Fig. S6 †) . Our attempts to obtain a similar polynuclear cluster using AgCl in reaction with Py 3 P in a 5 : 4 molar ratio lead to the isolation of the dinuclear complex [Ag(Cl)(μ-Py 3 P)] 2 (5) in quantitative yield (Scheme 1, the synthetic details, and structural and luminescence properties are given in the ESI †). According to the XRD study, two Ag atoms in 5 are bridged by two Py 3 P ligands in a head-to-tail fashion so that each metal coordinates two N atoms and one P atom form two adjacent ligands (Scheme 1 and Fig. S3 †) . Note that complexes of a similar structure, but with the PhPy 2 P ligand, were previously described. 12, 15 The Ag-Ag distances in both independent molecules of 5 [3.2615(8) and 3.2701(9) Å] imply argentophilic interactions. In the solid state, this cluster exhibits blue-green emission (λ max = 500 nm, Fig. S30 †) with the modest PLQY (8% at 298 K). †
The pentanuclear clusters obtained are air-and light-stable powders and show good solubility in acetonitrile. All these clusters exhibit a high stability in solutions and can be recrystallized from them. The ESI-mass spectra of the clusters exhibit a number of low intensive peaks assigned to polynuclear Ag-containing species, thus indicative of a fragmentation of the [Ag 4 (Ag)(Py 3 P) 4 ] 5+ cation under ESI-conditions. Fig. 4 , top, for the spectra and assignment of the couplings; we have tentatively assigned all 6-7 Hz splittings to the 2 J (P-Ag-Ag) couplings, assuming that they are similar in value and that the 3 J (P-C-N-Ag) coupling is too small to be resolved). The high resolution constant time 1 H, 15 N-HMBC spectrum, shown in Fig. 4 Fig. S9 , S13, S17 and S21 †) indicating the presence of some kind of splitting. At the given signal-to-noise ratio (up to 4 days of acquisition), it is hard to speculate about the number of signals and the types of spin systems. In turn, the signal of the central silver atom is not observed in the 109 Ag NMR spectra because it should be four times less intensive and additionally split into complicated multiplets due to the onebond couplings with phosphorous and silver nuclei. The UV-Vis spectra of clusters 1-4 are characterized by a strong band at 260 nm and a weak shoulder expanding from 275 to 340 nm (Fig. S29 †) . The high-energy band could be assigned to intraligand transitions because the Py 3 P itself displays the same absorption. The weak band in the region 275-340 nm is tentatively assigned to metal-to-ligand charge transfer transitions that is in accordance with DFT calculations (vide infra).
The luminescence properties of clusters 1-4 have been preliminarily investigated in the solid state. All these exhibit a greenish-blue emission at room temperature with the quantum yields up to 24% (Table 1) . The excitation and emission spectra of 1-4 are depicted in Fig. 5 . Clusters 4, 3, 1 and 2
show a broad emission with the maxima at 470, 480, 490 and 510 nm, respectively, i.e. the distinct red-shift of the emission maxima is observed in this range, while the free Py 3 P displays a broad emission with λ max at about 420 nm. Taking into account the literature data, 3c the origin of luminescence of 1-4
can be ascribed to metal-to-ligand charge transfer states, perturbed by the presence of Ag⋯Ag interactions. The redox properties of clusters 1-4 have been investigated by cyclic voltammetry (CV). All compounds demonstrate similar redox behavior in the negative range (up to −2 V) and reveal irreversible reduction processes which can be assigned to the Ag I /Ag 0 couple. The cathodic potential values (Table S3 †) strongly depend on the number of scans and dramatically change on going from the first scan to the second one. In particular, the CV of 1 shows two cathodic peaks at −1.2 and −1.5 V (vs. Ag/AgCl) at the first scan which are further transformed to the broad wave centered at −0.77 V at the second scan (Fig. 6 ). This behavior can be explained by absorption of the reduction products on the surface of the working electrode.
Conclusions
In summary, we have presented the novel family of luminescent clusters containing a remarkable Ag-centered P-tetracapped tetrahedral [Ag@Ag 4 (µ 3 -P) 4 ] unit inscribed within a N 12 icosahedron. Taking into account the intriguing structure of these clusters and their facile and almost quantitative self-assembly from available reagents, one expects that the reported finding would stimulate intense research interest in this area. Further investigation of the silver clusters is in progress.
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